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(54) Title: TRANSMISSION CELL FOR MEASURING NEAR INFRARED SPECTRA OF A HYDROCARBONACEOUS MATERIAL 
(57) Abstract 

The present invention provides a transmission cell suitable for use in a device for 
measuring (near) infrared spectra of a hydrocarbonaceous material which comprises one or more 
sample conipartments (2) and one or more reference compartments (3). wherein the sample 
c om p ar t m ents) comprise^) two transparent windows between which a space (8) is formed for 
containing the hydrocarbenaceous material and inlet and outlet means (10, 1 1) for introducing 
and removing the hydrocarbenaceous material into and from the space between the windows; a 
(near) infrared spectrometer comprising such transmission cell; a method for predicting a physical 
property of a hydrocarbonaceous material using anch (near) infrared spectrometer; a process for 
preparing a bitumen composition comprising blending two or more streams of different grades 
of bitumen and determining a property of the bitumen composition so obtained by means of 
the above method; and the use of me spectrometer in process control process steering, and 
hydnxarbonaccous feedstock and hydrocarbonaceous product quality monitoring. 
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TRANSMISSION CELL FOR MEASURING NEAR 
INFRARED SPECTRA OF A HYDROCARBONACEOUS MATERIAL 

The present invention relates to a transmission 
cell suitable for use in a device for measuring (near) 
infrared spectra of a hydrocarbonaceous material, a 
spectrometer containing the cell and processes wherein 

5 use is made of such spectrometer. 

The use of (near) infrared spectroscopy to control 
processes for the preparation of petroleum products is 
known for instance from "Hydrocarbon Processing"/ 
February 1995, pages 8 6-92. The processes described in 

10 said document include the preparation of gasolines and 
gas oils by the controlled blending of various 
components. The quality of the final product is 
determined on-line using a Fourier trans form- type of 
. spectrometer which is connected to a computer. In this 

15 way the use of blend tables can advantageously be 
avoided. 

Another type of process widely applied in petroleum 
industry, in respect of which it would be highly 
advantageous to control continuously the product 
20 quality by means of (near) infrared spectroscopy, is 
the preparation of bitumen compositions by blending 
various streams of different grades of bitumen. 
Attempts to use (near) infrared spectroscopy for 
controlling the quality of bitumen compositions have, 
25 however, been rather disappointing so far, which can 

most likely be attributed to the very heavy components 
of which bituminous materials are built up. 

In this respect reference is made to "Rapid 
Prediction and Evaluation of Bitumen Properties by Near 
w Infrared Spectroscopy", G. Svechinsky and I. Ishia, 

which paper was presented at the Third Annual Meeting 
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of RILEM Committee TC PBM-152, Madrid, Spain, June 
1995. In said paper the use has been described, without 
any details, of the reflection of near infrared 
radiation for characterization and prediction of 
5 different bitumen parameters. 

Object of the present invention is to provide a 
transmission cell suitable for use in a device for 
measuring {near) infrared spectra which spectra can be 
used for predicting physical properties of 
hydrocarbonaceous materials. 

In accordance with the present invention a 
particular transmission cell is now provided which 
enables a very accurate prediction of physical 
properties of a wide range of hydrocarbonaceous 
15 materials. 

Accordingly, the present invention relates to a 
transmission cell suitable for use in a device for 
measuring {near) infrared spectra of a hydrocarbon- 
aceous material which comprises one or more sample 
compartments and one or more reference compartments, 
wherein the sample compartment (s) comprise {s) two 
transparent windows between which a space is formed for 
containing the hydrocarbonaceous material and inlet and 
outlet means for introducing and removing the 
hydrocarbonaceous material into and from the space 
between the windows. 

In the context of the present invention a 
transparant window is defined as a window which is 
transparant in the (near) infrared spectral region. 

Although, the cell in accordance with the present 
invention may suitably contain one or more sample and 
reference compartments, it preferably contains one 
sample compartment and one reference compartment. 

Preferably, the windows of the sample compartment 
are substantially parallel arranged in respect of each 
other . 



20 



WO 97/14951 



7EP96/04605 



- 3 - 

The distance between the inner sides of the windows 
of the sample compartment depends on the type of 
hydrocarbonaceous material to be analysed. For instance 
when gasolines or other relatively light 

5 hydrocarbonaceous materials are analysed the distance 
between the inner sides of the windows may be well 
beyond 1 mm, whereas when analysing residual 
hydrocarbonaceous materials such as residual fuel oils 
and bituminous compositions the distance is normally 

10 less than 1.0 mm. Suitably, the distance between the 

inner sides of the windows of the sample compartment is 
in the range of from 0.2 to 1.0 mm, preferably in the 
range of from 0.4 to 0.8 mm, more preferably in the 
range of from 0.5 to 0.7 mm. 

15 Suitably, the thickness of the windows of the 

sample compartment is in the range of from 2 to 10 mm, 
preferably in the range of from 3 to 5 mm. 

The reference compartment suitably consists of one 
window having a thickness preferably in the range of 

20 from 4 to 20 mm, more preferably in the range of from 6 
to 10 mm. 

Suitably, the reference compartment (s) comprise (s) a 
transparent window. Suitably, it consists of one 
window which is transparent on all sides. Normally, 
25 such window consists of a block of transparent 
material . 

Preferably, the total optical thickness of the 
sample compartment equals the thickness of the window 
of the reference compartment* 

30 Suitably, the windows of the sample compartment {s ) 

and the window of the reference compartment (s) consist 
of the same material. Suitable materials of which the 
windows of the sample compartment (s ) and the reference 
compartment ( s) can be made include calcium fluoride, 

35 sodium chloride, glass, sapphire, quartz or any other 
material known to be used for this purpose. Suitably, 
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the windows of the sample compartment and the reference 
compartment have a substantially circular cross- 
section, which is preferably larger than the cross- 
section of the beam of (near) infrared light. 
5 The space between the windows of the sample 

compartment for holding the hydrocarbonaceous material 
to be analysed is suitably formed by means of a spacer 
arranged between the windows. The spacer may be made 
of the same material as the windows. The spacer may be 

10 connected to the windows by means of an adhesive. In 

another embodiment the spacer made of the same material 
as the windows has been melted to both windows. 

Suitably, the cell comprises one or more elements 
for heating the hydrocarbonaceous material. 

15 The element (s) for heating the hydrocarbonaceous 

material may be of any the conventional types used for 
this type of purpose. Normally, the cell comprises two 
or more elements which are arranged in such a way that 
the sample compartment in operation has a constant 

20 elevated temperature enabling the hydrocarbonaceous 

material to flow through the space between the windows. 
Suitably, these elements comprise so-called hot 
fingers. The elements are suitable provided with means 
to which a power source can be connected. 

25 Suitably, a device is attached to the cell to 

monitor its temperature. 

The inlet and outlet means of the sample 
compartment enable the hydrocarbonaceous material to be 
analysed to flow through the space formed between the 

30 windows. Suitably, the inlet and outlet means debouch 
into the space formed between the windows. Suitably, 
the inlet and outlet means run both through one of the 
windows. Preferably, they are arranged substantially 
perpendicular to the surface of that window. 

35 The invention will now be illustrated by way of 

Figure 1 which schematically shows a longitudinal 
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section of a transmission cell in accordance with the 

present invention. 

in Figure 1 a transmission cell is depicted 
comprising a side wall 1, a sample compartment 2, a 
5 reference compartment 3 and elements 4 and 5 for 

heating the hydrocarbonaceous material. The sample 
compartment comprises two transparant windows 6 and 7 
between wich a space 8 is formed by means of spacer 9. 
inlet means 10 and outlet means 11 for introducing and 
,0 removing the hydrocarbonaceous material into and from 
the space 8 run through window 6. The reference 
compartment 3 comprises a transparant window 12. The 
elements 4 and 5 comprise means 13 and 14 to which a 
power source can be connected. 
,5 The transmission cell in accordance with the 

present invention is particularly attractive because of 

its simplicity. 

The present transmission cell is especially useful 
- for controlling the quality of a hydrocarbonaceous 
2 o material obtained by blending various components. 

The present invention also relates to a (near) 
infrared spectrometer using as a measuring cell any of 
the transmission cells described above. 

Accordingly, the present invention further relates 
25 to a (near) infrared spectrometer comprising a (near) 
infrared source, a (near) infrared detector, and a 
transmission cell as defined hereinbefore. 

The detector matches the type of wavelengths used, 
and comprises an active portion, for instance, indium 

30 arsenide. 

The detector transforms the transmitted beam of 
light into an electrical signal which is converted into 
digital data, processed and analysed by a computer 
which may result in an absorbance spectrum. The use of 

v. a numerical relation (e.g. a linear relation) enables 

the physical property of the hydrocarbonaceous material 
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to be calculated from the absorbance spectrum. To this 
end the detector is connected to processing equipment 

tT,TT analVSiS ^ f ° r Cor « la ting spectral data 
to the physical property of the hydrocarbonaceous 
material. The spectrometer gives the measurements for 
the (near) infrared spectral region selected, and is 
linked to the processing equipment which permits 
numerical treatment of the data using a computer, in 
operation, as schematically shown in Figure 2, a beam 
of light 1 originating from a (near) infrared source 2 
is transmitted through transmission cell 3 and 
collected in the (near) infrared detector 4 which is 
connected to processing equipment 5. 

Suitably, the (near) infrared spectral region has 
wavelengths which range of from 1000 to 10,000 nm. The 
infrared spectral region to be used depends on the 
hydrocarbonaceous material to be analysed, as will be 
m appreciated by the skilled person. For instance, if 
residual hydrocarbonaceous materials such as crude oil 
residues are to be analysed the wavelengths preferably 
range of from 1500 to 3000 nm, more preferably of from 
1640 to 2630 nm or one or more selected intervals 
thereof, whereas if relatively light hydrocarbonaceous 
materials are to be analysed such as gasolines, the 
wavelengths suitably range of from 1000 to 3000 nm 
preferably of from 1000 to 2630 nm, or a selected ' 
interval thereof. 

Preferably, the cell is connected to a moving 
device for enabling the beam of light to be transmitted 
by turn through the sample compartment or the reference 
compartment. Suitably, the moving device is connected 
to the cell in such a way that the cell i S n>oved 
perpendicular to the beam of light. Suitably, the 
centres of the windows of the sample compartment and 
the reference compartment lie on the same vertical or 
horizontal axis depending on the direction of movemer- 
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of the cell. 

The spectrometer according to the present invention 
may comprise optical fibres and condensors arranged 
upstream and downstream the transmission cell. In this 
way on-line measurements can be carried out in a 
blending unit without needing the immediate vicinity of 
the spectrometer. For instance, in a suitable 
embodiment a first optical fibre is connected with a 
first end to the near infrared source, a first 
condenser can be arranged between a second end of the 
first optical fibre and the cell, and a second 
condensor is arranged between a first end of a second 
optical fibre of which a second end is connected to the 
detector, wherein the condensors are substantially 
symmetrically arranged with respect to the cell. 

The present invention further relates to a method 
for predicting a physical property of a 
hydrocarbonaceous material using the spectrometer 
described above in which the detector is connected to 
the processing equipment, wherein a beam of light 
having wavelengths in the range of from 1000 to 10,000 
nm is transmitted through the sample compartment and/or 
the reference compartment, whereby the hydrocarbon- 
aceous material to be analysed has a temperature in the 
range from 25 to 250 °C, the beam of light which passes 
through the compartment <s> is collected in the detector 
in which it is transformed into an electrical signal 
which is passed to the processing equipment. 

As indicated above physical properties of 
hydrocarbonaceous materials can in accordance with the 
present invention be predicted from their (near) 
infrared spectra, enabling for instance a continuous 
quality control of a hydrocarbonaceous feedstock and/or 
the product derived therefrom. The present invention 
also relates to the use of the present spectrometer in 
process control, process steering and hydrocarbonaceous 
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feedstock and hydrocarbonaceous product quality 
monitoring. 

The hydrocarbonaceous materials which can be 
analysed using the present transmission cell comprise 
5 crude oils and products derived therefrom including 
relatively light hydrocarbonaceous materials such as 
gasolines, gasoils and kerosines, and heavy 
hydrocarbonaceous materials such as heavy gas oils and 
crude oil residues, residual fuel oils and bituminous 
10 materials. 

Crude oil residues may consist of straight run 
residues such as long (atmospheric) and short (vacuum) 
residues, processed residue streams such as thermally 
cracked, hydrocracked or catalytically cracked 
15 residues. Residual fuel oils may consist of residues 
and any known diluent streams such as any refinery 
stream to influence residue properties, and may contain 
_ any known additive such as stabilising or emulsifying 
agents. 

Suitable bituminous materials include naturally 
occurring bitumens or derived from a mineral oil. Also 
blends of various bituminous materials can be analysed. 
Examples of suitable bituminous materials include 
distillation or "straight-run bitumens", cracked 
residues, polymer-modified bitumens, precipitation 
bitumens, e.g. propane bitumens, blown bitumens, e.g. 
catalytically blown bitumen and mixtures thereof. 

Other suitable bituminous materials include 
mixtures of one or more of these bitumens with 
extenders (fluxes) such as petroleum extracts, e.g. 
aromatic extracts, distillates or residues, or with 
oils. The bituminous materials to be analysed may 
contain any emulsifying agent known in the art. 

The above-mentioned heavy hydrocarbonaceous 
materials to be analysed have suitably a temperature of 
at least 50°C. Crude oil residues and bituminous 
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materials to be analysed have preferably a temperature 
of at least 100°C. 

The method for predicting the physical properties 
involves the following steps of: 
5 a) selecting a set of hydrocarbonaceous materials of 

different quality; 
b) determining a physical property of the 

hydrocarbonaceous materials by conventional 

measurement; 

10 c) measuring the (near) infrared spectra of the 
selected set of hydrocarbonaceous materials,, 
whereby use is made of the present transmission 
cell; 

d) selecting in the spectral region a range of 
15 wavelengths, and using the absorbance values 

measured at these wavelengths as an input for 
multivariate statistical analysis or a neural 
network; 

e) correlating the absorbance values obtained with the 
20 physical property as determined under b) by means 

of multivariate statistical analysis or a neural 
network and generating a predictive model; and 
subsequently 

f) applying this predictive model to (near) infrared 
25 spectra, taken under the same conditions, for a 

hydrocarbonaceous material of an unknown physical 
property, thus providing the physical property of 
the unknown hydrocarbonaceous material. 
Thus, the present invention also provides a method 
30 for predicting a physical property of a 

hydrocarbonaceous material comprising the steps of a} - 

f) as described hereinabove. 

According to the invention the (near) infrared 

spectra of a set of hydrocarbonaceous materials 
15 (suitably at least 10, preferably at least 50) of 

different quality are measured. The number of 
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hydrocarbonaceous materials of different quality in the 
set is important since this determines the generality 
and applicability of any subsequent statistical 
predictive pool. 

The spectra obtained can be analysed/ together with 
determinations of the physical property by conventional 
measurements, using multivariate statistical techniques 
known as such, e.g. Partial Least Squares, Multiple 
Linear Regression, Reduced Rank Regression, Principal 
Component Analysis and the like, or neural networks. 

Suitably, the absorbance values are measured at a 
large number of the wavelengths in the spectral region. 
Suitably, the absorbance values are measured at the 
whole range of wavelengths in the spectral region or at 
one or more selected intervals thereof. When heavy 
hydrocarbonaceous materials are analysed, preferably, 
the absorbance values are measured at the whole range 
of wavelengths in the spectral region. 

Subsequently a predictive model is generated that 
can be applied to the (near) infrared spectra, taken 
under the same conditions, for bituminous materials of 
an unknown physical property. 

Correlation of the absorbance values with the 
physical property of the hydrocarbonaceous materials as 
determined under b) is done by known techniques 
mentioned before such as multiple linear regression or 
partial least squares regression. 

The physical properties to be determined of 
residual hydrocarbonaceous materials include density 
viscosity, flash point, storage and handling stability, 
compatibility and chemical composition related 
properties such as aromaticity, CI asphaltenes content, 
wax content, paraffin content, microcarbon residue, 
Ccnradscn carbon residue, engine performance parameters 
ar.d feedstock assessment parameters. The physical 
properties to be determined of bituminous 
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hydrocarbonaceous materials include properties such as 
penetration (PEN), softening point, density, 
volatility, and retained PEN {after RTFOT (Rolling thin 
film oven test) ) in respect of gasolines the physical 
5 properties include for instance octane number. If a 
gas oil is to be analysed the physical properties 
include for instance cloud point, pour point and cetane 
number . 

The time required for determining the physical 

10 properties of the hydrocarbonaceous materials is very 

short, normally less than one minute. Thus, the present 
process constitutes a considerable improvement over the 
conventional methods which include taking a sample of 
the material to be analysed and determining its various 

15 physical properties by means of separate rather lengthy 
measurements. In accordance with the present invention 
two or more physical properties of a hydrocarbonaceous 
material can be determined simultaneously. For 
instance of a bituminous material the softening point 

20 and PEN can be determined simultaneously. 

The present cell can be used in on-line or off-line 
mode of operation. If the present cell is used on-line 
whereby the inlet means of the sample compartment is 
connected to a source supplying the hydrocarbonaceous 

25 material, said material flows through the sample 
compartment . 

A reference spectrum is periodically measured by 
transmitting the beam of light originating from the 
(near) infrared source through the reference 

30 compartment and to the detector, in order to determine 
the absorbance of the hydrocarbonaceous material. To 
this end the transmission cell can be connected to the 
moving means described hereinabove. The absorbance of 
the hydrocarbonaceous material which can be defined 

■?5 with the Beer-Lambert law (-log I/Io) wherein Io is the 
intensity of the light transmitted by the reference 
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compartment and I is the intensity of the light 
transmitted by the sample compartment. 

The present invention also relates to a process for 
preparing a hydrocarbon composition comprising blending 
two or more streams of different grades of 
hydrocarbonaceous materials and determining a physical 
property of the hydrocarbon composition so obtained by 
means of the predicting method according to the present 
invention. In this way, for instance, residual fuel 
oils or bitumen compositions of controlled quality can 
be prepared. For instance by blending a hard bitumen, a 
soft bitumen and a (catalytically) blown bitumen. 

In operation the blending unit will be computer 
controlled by a feed-back control system for adjusting 
the blending components or conditions when needed to 
obtain a hydrocarbon composition having desired 
properties . 
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C L AIMS 



1. A transmission cell suitable for use in a device 
for measuring (near) infrared spectra of a 
hydrocarbonaceous material which comprises one or more 
sample compartments and one or more reference 



comprise (s) two transparant windows between which a 
space is formed for containing the hydrocarbonaceous 
material and inlet and outlet means for introducing and 
removing the hydrocarbonaceous material into and from 



2. A transmission cell according to claim 1 comprising 
one sample compartment and one reference compartment. 

3. A transmission cell according to claim 1 or 2, 
wherein the windows of the sample compartment are 

15 • substantially parallel arranged in respect of each 
other. 

4. A transmission cell according to any one of claims 

1 to 3, wherein the distance between the inner sides of 
the windows of the sample compartments is in the range 
20 from 0,2 to 1-0 mm. 

5. A transmission cell according to claim 4, wherein 
the distance is in the range from 0.4 to 0.8 mm. 

6. A transmission cell according to any one of claims 
1 to 5, wherein the thickness of the windows of the 

25 sample compartment is in the range of from 2 to 10 mm. 

7. A transmission cell according to any one of claims 
1 to 6, wherein the reference compartment (s) 
comprise (s) a transparent window. 

6. A transmission cell according to claim 7, wherein 
30 the thickness of the window of the reference 

compartment is in the range of from 4 to 20 mm. 

9. A transmission cell according to any one of claims 
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compartments, wherein the sample compartment (s) 



10 



the space between the windows. 



WO 97/14951 



PCT/EP96/04605 



1 to 8, wherein the windows of the sample compartment 
and the window of the reference compartment consist of 
the same material. 

10. A transmission cell according to any one of claims 
5 1 to 9, wherein the windows consist of calcium 

fluoride, sodium chloride, glass, sapphire or quartz. 

11. A transmission cell according to any one of claims 
1 to 10 which comprises one pr more elements for 
heating the hydrocarbonaceous material. 

10 12. A (near) infrared spectrometer comprising a (near) 
infrared source, a (near) infrared detector, and a 
transmission cell as defined in any one of claims 1 to 
11 . 

13. A spectrometer according to claim 12, wherein the 
15 cell is connected to a moving device for enabling a 

beam of light originating from the (near) infrared 
source to be transmitted by turn through the sample 
compartment or the reference compartment. 

14. A spectrometer according to claim 12 or 13, wherein 
20 the detector is connected to processing equipment for 

spectral analysis and for correlating spectral data to 
the physical property of the hydrocarbonaceous 
material. 

15. A method for predicting a physical property of a 
25 hydrocarbonaceous material using the spectrometer 

according to claim 14, wherein a beam of light having a 
wavelength in the range of from 1000 to 10,000 nm is 
transmitted through the sample compartment and/or the 
reference compartment, whereby the hydrocarbonaceous 

30 material to be analysed has a temperature in the range 
from 25 to 250 °C, the beam of light which passes 
through the compartment (s) is collected in the detector 
in which it is transformed into an electrical signal 
which is passed to the processing equipment. 

35 16. A merhod according to claim 15, wherein the 

hydrocarbonaceous material is a heavy hydrocarbonaceous 
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material having a temperature of above 50 °C. 

17 . A method for predicting a physical property of a 
hydrocarbonaceous material comprising the steps of: 

a) selecting a set of hydrocarbonaceous materials of 
5 different quality; 

b) determining a physical property of the 
hydrocarbonaceous materials by conventional 
measurement ; 

c) measuring the (near) infrared spectra of the 
10 selected set of hydrocarbonaceous materials, 

whereby use is made of a transmission cell as 
defined in any one of claims 1 to 11; 

d) selecting in the spectral region a range of 
wavelengths, and using the absorbance values 

15 measured at these wavelengths as an input for 

multivariate statistical analysis or a neural 
network; 

e) correlating the absorbance values obtained with the 
physical property as determined under b) by means 

20 of multivariate statistical analysis or a neural 

network and generating a predictive model; and 
subsequently 

f) applying this predictive model to (near) infrared 
spectra, taken under the same conditions, for a 

25 hydrocarbonaceous material of an unknown physical 

property, thus providing the physical property of 
the unknown hydrocarbonaceous material, 

18. A process for preparing a bitumen composition 
comprising blending two or more streams of different 

3N grades of bitumen and determining a property of the 

bitumen composition so obtained by means of a method as 
described in claim 16. 

19. Use of the spectrometer according to claim 14 in 
process control, process steering, and 
hycrccarbonaceous feedstock and hydrocarbonaceous 
prcduz:^ qualify monitoring. 
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